The cell walls isolated from axenically grown leprosy-derived corynebacteria were submitted to various chemical and enzymatic degradations. The glycan strands of the wall peptidoglycan are essentially composed of N-acetylglycosaminyl-N-acetyhnuramic acid disaccharide units. Small amounts of N-acetylglycosaminyl-N-glycolyhnuramic acid (less than 10%) were also detected. The muramic acid residues of adjacent glycan strands are substituted by amidated tetrapeptide units which, in turn, are cross-linked through direct linkages extending between the C-terminal D-alanine residue of one tetrapeptide and the mesodianinopimnelic acid residue of another tetrapeptide. Such a structure is very similar to that of the wall peptidoglycan found in the taxonomically related microorganisms of the Corynebacterium, Mycobacterium, and Nocardia groups.
The cell walls isolated from axenically grown leprosy-derived corynebacteria were submitted to various chemical and enzymatic degradations. The glycan strands of the wall peptidoglycan are essentially composed of N-acetylglycosaminyl-N-acetyhnuramic acid disaccharide units. Small amounts of N-acetylglycosaminyl-N-glycolyhnuramic acid (less than 10%) were also detected. The muramic acid residues of adjacent glycan strands are substituted by amidated tetrapeptide units which, in turn, are cross-linked through direct linkages extending between the C-terminal D-alanine residue of one tetrapeptide and the mesodianinopimnelic acid residue of another tetrapeptide. Such a structure is very similar to that of the wall peptidoglycan found in the taxonomically related microorganisms of the Corynebacterium, Mycobacterium, and Nocardia groups.
The acid-fast gram-positive organism Mycobacterium leprae cannot multiply in vitro. It is found in lepers' lesions associated with another type of non-acid-fast, gram-positive microorganism, which can be propagated in axenic cultures (1, 4) , cross-react with lepers' and anti-mycobacterial sera (12, 15) , are morphologically related to Corynebacterium diphtheriae (1, 4) , and possess in their cell envelopes components (arabinose, galactose, and mycolic acids) (E. Janczura, C. Abou-Zeid, C. Gailly, and C. Cocito, submitted for publication) that are known to be specific to the Corynebacterium, Mycobacterium, and Nocardia group. Since the wall peptidoglycans of these latter bacteria have been extensively studied (2, 3, 11, 13, 14) , experiments were devised to unravel the primary structure of the wall peptidoglycan of several leprosy-derived corynebacteria (LDC) strains. The results of these investigations are presented in this report. 16 h, in each case) with pancreatic deoxyribonuclease I (1 mg/10 g of cell wall material), pancreatic trypsin (150 mg/10 g), and pancreatic chemotrypsin (25 mg/10 g). The three enzymes used in this purification step were from Serva Feinbiochemica, Heidelberg, Germany. The partially purified cell walls were collected by centrifugation at 23,000 x g for 15 sitive glycosidic linkages. Analyses of the terminal amino groups present in the wall digests showed that about 20% of the meso-A2pm residues had one amino group free, thus indicating an average degree of polymerization of 80% cross-linked peptide units for the intact peptide moieties of the wall peptidoglycans. Contrary to the endo-N-acetylmuramidases, the S. albus G DD-carboxypeptidase caused only a limited extent of clarification of the wall suspensions (20 to 25%). However, after treatment of the isolated walls first with the Chalaropsis enzyme (at pH 5.0) and then with the S. albus G enzyme (at pH 8.0 and in the presence of 5 mM MgCl2) under the conditions described in the legend of Fig. 1 , analyses of the degraded products revealed that the glycan strands had been completely degraded into disaccharide units and that about 50 to 65% of the meso-A2pm residues now occurred at the N-terminal position of the peptide moieties. S. albus G DD-carboxypeptidase hydrolyzed the substrate with less efficiency when acting alone than when acting subsequently to muramidase.
MATERIALS
Isolation and characterization of the disaccharide-peptide monomer. The isolated walls of LDC strain 10 (100 mg) were submitted to the sequential action of the Chalaropsis and S. albus G enzymes, and the reaction products were fractionated by Sephadex filtration in 0.1 M LiCl, as described in the legend of Fig. 1 . The three fractions, A, B, and C, collected at KD values of 0.12, 0.22, and 0.66, respectively, were desalted by filtration on Sephadex G-25 in water. Fractions A, B, and C contained 5, 20, and 70%, respectively, of the original wall peptidoglycan. Fraction C was composed of equlimolar amounts of glucosamine, muramic acid, L-Ala, Glu, mesoA2pm, D-Ala, and NH3, and contained 1 equivalent of mono-NH2-meso-A2pm. It thus consisted of disaccharide-(monoamidated)tetrapeptide units. This disaccharide-peptide monomer was, in turn, submitted to the action of the N-acetylmuramyl-L-alanine amidase under the conditions described in the legend of Fig. 2 , causing a complete separation between the disaccharide and the peptide units. The degradation products were filtered in water on a column of Sephadex G-25. Fraction D was composed of equimolar amounts of glucosamnine and muramic acid and thus consisted of free disaccharide units. These disaccharide units comigrated by paper chromatography with authentic fl-1,4-N-acetylglycosaminyl-N-acetylmuramic acid. Fraction E was composed of equimolar amounts of mesoA2pm, Glu, D-Ala, L-Ala (obtained by subtracting D-Ala from total Ala), and NH3, and con- tained 1 equivalent of both N-terminal Ala and mono-NH2--meso-A2pm per peptide unit. Ih addition, Ala was the only C-terminal amino acid residue that could be detected by hydrazinolysis. Fraction E thus consisted of (amidated) tetrapeptide units. The tetrapeptide was submitted to paper electrophoresis at pH 6.5 (60 V/cm for 1 h). It behaved as a neutral compound, a property which was compatible with the occurrence of one amide group.
Occurrence of N-acetyl-and N-glycolylmuramic acid residues. The walls of LDC strain 15 were hydrolyzed with HC1, and the hydrolysate was filtered on Dowex 50W-X80 as described in Materials and Methods. Reaction with dihydroxynaphthalene and spectrophotometric measurements permitted detection of, 6
nmol of glycolic acid per mg of walls. Glycolic acid was also detected by paper chromatography, but apparently in much lower amounts. From these experiments it was concluded that a major part of muramic acid occunred as the Nacetyl derivative and that about 2 to 10% occurred in the form of the N-glycolyl derivative.
DISCUSSION
From the data presented above, it appears that the peptide moiety of the wall peptidoglycan of LDC is of chemotype I (6) with mesoA2pm linkages serving as peptide bridges. The tetrapeptide units also possess one amide substituent, but its location (on the a-carboxyl group of Glu or on that carboxyl group of mesoA2pm which is not involved in the main backbone of the peptide) has not been determined. All the mycobacteria, nocardia, and corynebacteria strains emined so far possess a wall peptidoglycan with the same type ofpeptide moiety, and the sequence L-Ala-D-Gb(L)-meso-Aipm-(L)-D-Ala (at various levels of amidation) has been assigned to their tetrapeptide units (2, 6, 13, 14, 16, 17, 19) .
F rom the data presented above, it also appears that the glyean moiety of the wall peptidoglycan of LDC contains a small proportion of N-glycolylmuramic acid together with a high proportion of the widely occurring N-acetylmuramic acid. Previous works have shown that glycolyl groups occur in the wall peptidoglycans of mycobacteria, Nocardia, and Micromonospora, but not in those ofStreptomyces or corynebactenia (14; Falszpan-Weitzerbin, thesis). More recently, however, this view had to be revised, as glycolyl groups were detected in small amounts in the cell walls of Corynebacterium michiganense, Corynebacteriun sepedonicum, and Corynebacterium bovis and in much larger amounts in those of an unclassified coryneform, IAM 1311 (18) . One should note that whereas the genera Mycobacterium and Nocardia are genetically homogenous (67 to 69 mol% guanine plus cytosine in the DNAs), the genus Corynebacterium is highly heterogeneous (52 to 69 mol% guanine plus cytosine) and comprises at least four broad groups related to C. diphtheriae, Corynebacterium renale, Corynebacterium genitalium, and Rhodococcus phylus (10, 11) . The guanine plus cytosine content of the LDC has been found to be 56 to 60 mol% (P. Danhaive, P. Hoet, and C. Cocito, unpublished data).
Another conclusion ofthe present work is that the peptidoglycan of LDC and that ofMycobacterium tuberculosis are very similar. In this connection, the observed cross-reaction between the walls of LDC and anti-mycobacterial sera (12, 15) is worthy of mention.
